Objective: To investigate prescription of antibiotics by dental practitioners at a dental teaching hospital in Yogyakarta, Indonesia, and to establish whether it conforms to major guidelines. Methods: A cross-sectional study of adult outpatients' medical records was conducted in order to scrutinize antibiotic prescriptions. The results were compared with recommendations in four published guidelines. Results: Dental practitioners prescribed a wide range of antibiotics to treat 121 diagnoses. Amoxicillin (78.8%) was most commonly prescribed, followed by clindamycin (9.9%), metronidazole (5.0%), and lincomycin (2.1%). Among all prescriptions, 79.5% were for generic antibiotics. The most common diagnoses were dental pulp gangrene followed by dental pulp necrosis (26.7% and 8.8%, respectively). According to guidelines-1 through-4, the percentages of antibiotic prescriptions that were evaluated as appropriate for the reported diagnosis were 15.1%, 7.2%, 7.5%, and 16.3%, respectively. However, 9.9%, 84.0%, 83.7% and 67.8% of prescriptions could not be classified as appropriate or inappropriate because the respective guidelines neither listed the antibiotic nor gave statement regarding appropriate indications. Conclusion: Our results suggest that significant inappropriate antibiotic prescribing occurred at a dental teaching hospital in Yogyakarta, Indonesia, according to major antibiotics guidelines. However, the four guidelines failed to list some antibiotics, failed to list indications for prescription in some cases, and were inconsistent in their recommendations. There is a need to introduce specific institutional guidelines. Our findings should be helpful for developing public health policy guidelines to minimize inappropriate antibiotic prescribing at dental hospitals.
Introduction
Antibiotics are widely used in dental practice to treat bacterial infections in the oral cavity, and approximately 80% of prescriptions are written in hospitals [1] - [3] . In addition, some dental practitioners prescribe antibiotics to patients prior to dental procedures, though there is little evidence that such prophylaxis is effective [4] . It is important to ensure appropriate antibiotic use, because inappropriate choice of antibiotics or use of antibiotics in unwarranted clinical situations could result in undesirable side effects and promote antibiotic resistance [5] . Further, there is evidence that dental practitioners often prescribe antibiotics for the management of oral and dental infections empirically, guided by their personal experience and knowledge [6] . Although inappropriate use of antibiotics has been a matter of global concern for many years, there have still been only a few studies about inappropriate use of antibiotics in developing countries [7] , especially as regards different pharmacological subgroups. There are a number of established guidelines for the proper use of antibiotics, including Dentists' Drug and Prescription Guide [8] , Drug Prescribing for Dentistry [9] , Antibiotic Prescribing Guidelines for Dentists [10] , and National Guideline Clearinghouse [11] . However, it is important to establish whether or not dental practitioners routinely comply with these guidelines, and whether the guidelines are adequate.
Method
A cross-sectional study was performed using data from the medical records of adult outpatients registered at the Prof Soedomo Dental Teaching Hospital, Universitas Gadjah Mada, during January-December 2010. The information collected included the age and sex of patients, antibiotic prescribed, dose (strength of antibiotic), frequency, duration (days), total quantity of antibiotic, diagnosis of chief complaint, and prescriber. All data were fully anonymized to protect the privacy of patients. This study was approved by the Ethics Committee of Kanazawa University and the Ethics Committee of the Medical Faculty, Universitas Gadjah Mada.
Appropriateness was evaluated according to four international major guidelines on the antibiotic treatment of dental infection: Dentists' Drug and Prescription Guide [8] , Drug Prescribing for Dentistry [9] , Antibiotic Prescribing Guidelines for Dentists [10] , and National Guideline Clearinghouse [11] . These are designated as guideline-1 through-4, respectively, hereafter. We defined antibiotic use as inappropriate when one or more of the guideline requirements regarding indications for use, dosage and duration of treatment, general health history, or type of drug was not met.
The number of outpatients prescribed each antibiotic, the number of antibiotics per prescription, the number of generic antibiotics prescribed, and the number of non-generic antibiotics prescribed were coded on a Microsoft Excel ® spreadsheet and analyzed. Note that all percentages are given to one decimal place, so totals may not add up to 100%.
Results
Analysis of 16,847 medical record sheets from 2628 outpatients indicated that 2024 prescriptions for antibiotics had been issued during 2011. There were more male patients (55.7%) than female patients (48.3%). The mean ages for males and females were 30.7 ± 13.7 and 32.0 ± 14.1 years, respectively.
A total of 13 different antibiotics were prescribed. This included generic drugs (79.5%) and branded/proprietary named drugs (20.5%). Table 1 showed that the most frequently prescribed antibiotic was amoxicillin (78.8%), followed by clindamycin (9.9%). Metronidazole, lincomycin, and ciprofloxacin accounted for 5.0%, 2.1%, and 1.5%, respectively.
Overall, 121 diagnoses were recorded for which antibiotics had been prescribed. Figure 1 summarized the diagnoses according to hospital department. Pulp gangrene was the most common diagnosis (26.7%), followed by pulp necrosis (8.8%), radices (6.1%), periodontitis (5.8%), and impacted molars (6.4%). Table 2 summarizes the prescribers of the drugs. It is noteworthy that co-assistants (dental students who may write prescriptions under supervision) accounted for 40.2% of all prescriptions. Table 3 showed the percentages of appropriate use of antibiotic for each diagnosis according to guideline-1 [8] . Only 15.1% of antibiotic prescriptions were identified as appropriate, while 66.3% were inappropriate, and 9.9% could not be classified. Of the inappropriate prescriptions according to this guideline, 54.1% were for amoxicillin. According to guideline-2 [9] , 7.2% of antibiotic prescriptions were appropriate and 0.1% were inappropriate, while 84.0% could not be classified ( Table 4) . As shown in Table 5 , according to guideline-3 [10] , 7.5% of prescriptions were appropriate, 0.2% wereinappropriate, and 83.7% could not be classified. According to the guideline-4 [11] (Table 6) 16.3% of prescriptions were appropriate, 7.26% were inappropriate and 67.8% could not be classified.
Discussion
Antibiotic prescription for focal infection is common practice in the dental profession [12] and is often used to complement local treatment, e.g. debridement, scaling, drainage, or surgery, especially for treatment for periodontal diseases and peri-implantitis [13] . However, guidelines may not be consistent or adequate to evaluate actual usage. Here, we aimed to investigate prescription of antibiotics by dental practitioners at a dental teaching hospital in Yogyakarta, Indonesia, and to examine its conformity with four major guidelines [8] - [11] .
In this dental teaching hospital, prescriptions may be written by general dentists, residents (specialist dentists in training), dental specialists, and co-assistants (students of dentistry). Co-assistants may prescribe drugs including antibiotics under supervision. We found that 40.2% of prescribers were co-assistants. Thus, there may be an issue over proper supervision of prescribing by co-assistants, who may be unduly influenced by patients' requests for a particular drug. In any case, almost all antibiotic prescribing was empirical, because dental practitioners generally did not know the identity of the causal microorganism. Cultures and sensitivity testing were Prescriber not mentioned in medical records; *** All percentages are given to one decimal place, so the total is not 100%. All percentages are given to one decimal place, so the total is not 100%. All percentages are given to one decimal place, so the total is not 100%.
generally not done in this hospital, and this may explain why dental practitioners seemed to favor broad-spectrum antibiotics [14] . This may be one reason why as many as 54.1% of amoxicillin prescriptions were judged as inappropriate according to guideline-1. Antibiotics may also be prescribed for conditions that do not require them, such as pulpitis [15] , and this can have an impact on the evaluation of treatment effectiveness [16] .
According to the Health Ministry Regulation No HK.02.02/Menkes/068/2010, the Indonesian government encourages the use of generic drugs in government hospitals, and in this teaching dental hospital, 79.5% of antibiotic prescriptions referred to generic (official) names. Amoxicillin was the most frequently prescribed agent (78.8%), even though it is not necessarily suitable for management of routine dental infection [17] . Nevertheless, it is widely used for infection management in dentistry [14] . Clindamycin was the second most prescribed drug (9.9%). It should not be used routinely for treatment for oral infection management, because it is no more effective than penicillin against anaerobes, but it can be used to treat dento-alveolar abscess that has not responded to penicillin or metronidazole, because it is well distributed in soft tissues and bone [7] . Other drugs such as metronidazole, doxycycline and cephalosporin were quite rarely prescribed. In particular, doxycycline and cephalosporin are poorly absorbed, and routine use for dental infections is precluded [7] .
In principle, antibiotics should be reserved for the management of active odontogenic infectious diseases and also considered for hematogenously spread infections such as endocarditis infection (EI) in some high-risk dental patients [12] . In this connection, it is noteworthy that pulp gangrene and pulp necrosis were the two most common diagnoses in the study hospital (26.7% and 8.8%, respectively). Regarding these conditions, there is no scientific basis for recommending systemic antibiotics, although of course antibiotics may be prescribed if there are signs and symptoms of infection. This may be another reason for the high level of inappropriate prescriptions according to guideline-1. It is also possible that inappropriate antibiotic prescribing in our study setting is partly due to cultural beliefs and patients' expectations or perhaps to prescribers' lack of confidence in their dental skills [18] .
Another important point is that the various guidelines are not necessarily compatible or fully evidence-based. It is noteworthy that even with guideline-1, we could not assess the appropriateness of 9.9% of prescriptions, while the other three guidelines were not able to evaluate the appropriateness of most (67.8% -84.0%) prescriptions. These guidelines seem to be of limited practical value to guide dental practitioners' choice of drugs to prescribe. There is an urgent need for randomized controlled trials with objective outcome measures to provide scientifically based guidelines for best practice [18] . The American Dental Association [19] guideline emphasizes the need to: 1) make an accurate diagnosis; 2) use an appropriate antibiotic and dosage; 3) consider using narrow-spectrum antibiotic drugs in simple infections to minimize disturbance of normal microorganisms; 4) avoid treating viral infections; 5) attempt to conduct sensitivity or microbiological testing; 6) consider possible adverse effects; 7) educate and inform patients regarding proper use and emphasize the importance of completing the full course of antibiotic therapy in dental infections.
On the basis of our findings, we offer the following recommendations: 1) There should be greater internal control of the prescription of antibiotics in Indonesian hospitals through the development of detailed individual institutional guidelines; 2) There should be further education and training of dental practitioners concerning appropriate prescription of antibiotics, especially among co-assistants; 3) Sustained management and policy support are needed to involve consumers and stakeholders.
Conclusion
This is the first study to investigate retrospectively the appropriateness of antibiotics prescribing by dental practitioners in an Indonesian dental teaching hospital. Our findings indicate that there is a substantial level of inappropriate antibiotics prescription, and also suggest that current Indonesian guidelines are inadequate to assess the appropriateness of antibiotics prescriptions in many cases. The baseline data gathered by this study should help dental practitioners and policymakers to improve prescribing practice, and highlight the need to develop specific institutional guidelines to encourage best practice in antibiotics prescription and to encourage continuing education of practitioners, especially students.
